Fertilization in citrus is a cultural practice with great importance as it affects significantly the quality of fruit. In this work we evaluated the effects of organic versus conventional farming systems on internal and external characteristics of citrus, with particular emphasis on vitamin C content. The study was carried out in different orchards of the Algarve region, in the south of Portugal. Fruits of different orchards were harvested at physiological maturity and submitted to physical and chemical analyses. The results showed that mineral fertilization led to fruits with greater weight and diameter, a thicker peel and a more intense colour. Compared with conventional production, fruits from organic farming had more soluble solids and a lower maturation index. The highest concentrations of vitamin C were recorded in fruits from organic farming, but the response depended on species and cultivar.
INTRODUCTION
During the last century, trends in food production changed from local and smallscale farms to large enterprises. Favoured by technological advances and economies of scale, large production systems turned to chemical solutions to control pests and diseases and increase soil productivity. These changes led to increased yield and external quality of horticultural products. However, pollution problems and food contamination by chemical substances became more frequent. Another consequence of this process was a greater dependence of farmers on prices of fuel, fertilizers and pesticides.
Organic farming practices offered an alternative to industrial farming. Consumers, driven by environmental and health concerns encouraged this movement (Davies et al., 1995) and caused an increased demand of organically-produced food. Surveys indicate that consumers consider organic food to be more positive for the environment and human health and more flavourful than their conventionally-grown counterparts (Bourn and Prescott, 2002) .
One of the reasons why consumers prefer organic products is their supposed greater nutritional quality. However, this is not a unanimous opinion. Taking into consideration the importance gained by organic farming, surprisingly little information is available about differences in quality between fruits and vegetables produced by these two management systems. Although several reviews are available on this topic (Woese et al., 1997; Brandt and Mølgaard, 2001; Worthington, 2001; Bourn and Prescott, 2002; Bordeleau et al., 2002; Raigon, 2007) , the conclusions are far from coincident. Some of the authors did not find significant differences between conventional and organic products (Bourn and Prescott, 2002) ; while others concluded that food produced by organic farming had a greater quality, compared to that from conventional farming systems (Woese et al., 1997; Brandt and Mølgaard, 2001; Worthington, 2001; Bordeleau et al., 2002; Raigon, 2007) .
The effect of the production system on fruit quality was already studied in some citrus (Tarozzi et al., 2006; Lester et al., 2007; Pérez-López et al., 2007; Raigon, 2007; Beltrán-González et al., 2008) . In general, citrus fruits produced in organic farms had greater juice percentage (Lester et al., 2007) , and mineral (Ca, Mg, K, Na, Fe, Cu, Mn and Zn) concentration in the juice (Pérez-López et al., 2007) than those produced by conventional farming systems.
If organic citrus were to have a greater vitamin C concentration, it might be an important factor to increase demand of fruits from this management system. Vitamin C may act as antioxidant or as agent that contributes to anticarcinogenic or cardioprotective properties (Rice-Evans et al., 1996; Rapisarda et al., 1999) . Considering the relatively large consumption, citrus may be highlighted as an important source of vitamin C. This vitamin is also considered as a very important water-soluble antioxidant as it protects compounds in extracellular and intracellular spaces in most biological systems, and reduces tocopherol radicals back to their active form at the cellular membranes. It can also directly scavenge superoxide radicals, singlet oxygen, hydrogen peroxide and hydroxyl radicals (Kaur and Kapoor, 2001; Klimczak et al., 2007) .
A greater vitamin C content in citrus from organic compared with conventional farming systems was reported by Tarozzi et al. (2006) for the red orange cultivar 'Tarocco', by Lester et al. (2007) for the grapefruit cultivar 'Rio Red' and by Raigón (2007) for the mandarin cultivars 'Nules' and 'Okitsu' and orange cultivars 'Newhall' and 'Navelina'. In the present work, we compared 18 different citrus types grown either in organic or conventional (integrated) farming, under similar environmental conditions, to investigate the influence of species or cultivar on the response to these two management systems.
MATERIALS AND METHODS
Citrus analyzed were: 'Valencia late', 'Baía', 'Dalmau', 'Newhall', 'Lanelate' and 'Rohde' oranges; 'Fina', 'Hernandina', 'Fortune', 'Fremont', Ortanique', 'Tangera' 'Setubalense', 'Nules' and 'Nova' mandarin or mandarin type cultivars; two hybrids between Citrus deliciosa and Citrus nobilis ('Encore' and 'Wilking') and the 'Lisboa' lemon. Each cultivar was sampled in triplicate (at least 20 fruits per replicate), at commercial maturity, from an organic orchard and in a conventional orchard with integrated productions practices. Paired orchards were located close to each other, with trees grafted on the same rootstock and of about the same age to allow a valid comparison of organic versus conventional fruits.
All orchards considered as organic farming were managed according to statutory European Union regulations regarding organic farming. In some organic orchards there was no application of fertilizers in the last five years, while in others fertilization was carried out with authorized fertilizers. In conventionally managed orchards, mineral fertilizers were applied all throughout the vegetative cycle of the trees.
Fruit samples were submitted to physical and chemical analyses within 24 hours after harvest. Fruits were weighed and measured individually. Juice extraction was done by using a hand operated juice extractor. After extraction, juice was filtered and the sugar content and acidity were determined by refractometry and titration, respectively. Part of the filtered juice was immediately cooled and stored at -20ºC until ascorbic acid analyses were made. Ascorbic acid (vitamin C) was measured as described previously (Miguel et al., 2006) , by HPLC (Beckman) equipped with a System Gold Programmable Detector Module 166-UV-Vis (Beckman Coulter, USA), using a Purospher RP-18 column (25 cm x 0.4 cm; 5 µm particle size). The mobile phase was 20 mM NaH 2 PO 4 (pH 2.7 with ortophosphoric acid), with a flow rate of 1 ml/min. The volume of each injection was 20 µl. Detection was performed at 210 nm.
The data were subjected to analysis of variance (ANOVA) and means were compared by using a t-test.
RESULTS AND DISCUSSION
The overall average of all cultivars showed that in general mineral fertilization provided a greater weight and diameter of the fruits, which had a thicker peel and a more intense colour (Table 1) . Compared with conventional farming, fruits from organic farming were more acid and had a greater °Brix (Table 1 ). This may be explained, at least in part, by the fact that in some organic orchards there was no application of fertilizers for the last five years. However there are other factors that may also affect the plant composition and consequently its nutritional value, such as genetic factors (plant crop and cultivar), environmental conditions (climate, soil type, structure and microbial populations), other management practices, postharvest methodologies, etc (Woese et al., 1997; Lee and Kader, 2000; Bourn and Prescott, 2002) .
Vitamin C (ascorbic acid) concentration in the juice was generally higher in fruits produced in the organic orchards (Table 1) . However, this difference was not detected in all citrus cultivars included in this study. In 'Valencia late' and 'Baía' oranges the concentration of ascorbic acid was higher in the juice of the fruits from organic farming, but in other orange cultivars ('Dalmau', 'Newhall', 'Lanelate' and 'Rohde') no differences were detected between the fruits from different production systems (Fig. 1) .
Some of the mandarin or mandarin type cultivars ('Fina', 'Hernandina', 'Fortune', 'Fremont', Ortanique' and 'Tangera') had higher ascorbic acid concentration in the organic farming fruits, but in the two hybrids between Citrus deliciosa and Citrus nobilis ('Encore' and 'Wilking') the opposite was true. No statistically significant differences were detected in 'Setubalense', 'Nules' and 'Nova' mandarins, as well as in 'Lisboa' lemon. Our results do not contradict those obtained previously with 'Rio Red' grapefruit and 'Tarocco' red oranges, but show that enhanced vitamin C content is not always associated with organic farming, but depends strongly on citrus species and cultivar. Carbonaro et al. (2002) found an increase in ascorbic acid content in peaches from organic farming but no differences were found in pear, showing that this observation may be valid for other types of fruit.
Under soil, climate and agronomic conditions of the Algarve, our results show the citrus cultivars which are better producers of vitamin C when grown in organic farming.
CONCLUSIONS
Compared with conventional production, fruits from organic farming had more soluble solids and a lower maturation index. The highest concentrations of vitamin C were recorded in fruits from organic farming, but the response depended on species and cultivar. 
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